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ABSTRACT : PURPOSE: To manufacture a high strength hot-dip galvanized steel sheet excellent in 
t>endability by subjecting the cold rolled sheet of a low cartoon steel to recrystalllzation 
annealing under specified temp, conditions and thereafter applying hot-dip galvanizing 
thereto. 

CONSTITUTION: The ingot of a low carbon steel having a compsn. contg., by weight, 
0.06 to 0.2% C, <0.6% Si. 0.6 to 3.0% Mn, <0.1 % P and 0.01 to 0.10% soLAl. furthemiore 
cong. at least one kind of 0.01 to 1 .0% Mo and 0.1 to 1 .5% Cr is subjected to hot rolling, 
pickling and cold rolling by ordinary methods to manufacture a cold rolled sheet. This cold 
rolled sheet is introduced into a continuous hot-dip galvanizing line and is subjected to 
recrystalllzation annealing in such a manner that it is held to (the Acs PO\vX -50) to 900°C 
for >10sec, is cooled from >600°C to the temp, range of the MS point to 480°C at the 
cooling rate of the critical cooling rate CR (**C/sec) or above expressed by the fonnula 1 
and is held to the MS point to 480°C for >10sec. After that, it is hot-dip galvanized and. if 
required, Is heated to the Aci point or below, and the galvanizing and Fe in the steel sheet 
are subjected to alloying treatment. 



COPYRIGHT: (C)1992.JPO&Japio 



®^ii4#fF45t^ (A) ^4-173945 

©Int.Cl.' JtrtfiS*^. ^ft 4 ^(1992) 6 ^228 

C 23 C 2/06 , 

C 21 D 9/46 J 7047-4K 

C 22 C 38/00 3 0 1 T 7047- 4K 
38/06 

C 23 C 2/02 8116- 4K 

2/28 8116-4K 



m m ¥2-299158 

©as m ¥2(1990)11^ 5 B 

^ ffi * s » :^0!ir^smfettwr7t7kio3i-ii 
@m m X ¥^^^^nFmmm ^jsm^Fm'i'^EKjfeiBiiTB 3«i8^ 



« a # 

2 . «S^B^««gH 

(a) Sft%T-{£iT. rati), C:0.06~0. 
2%. Si:0.6%£AT. Mn:0. 6-3.0%. 
P:0.1 %JaTacfsol.A 0:0.0 1-0.1 0 

-t «)aijRaje fr Ac, * - s 0 9 0 0 
ajs««^M8jge^jb4 8 0T:£i-Foiafi<«ic 

flnCRs-l.lBMneq + 3.37 

Mneq=Mn+l.52Mo+!.10Cr + 

0. 10 S i + 2. 1 P 



(2) S?E»ttS«fi«t>o*€:flSLfca.-^l&<t 
iftSi Ac» *iStT -efiSf w t H J: r> T . ^ 

(3) 8(IffifllA^JEtcMo:0.0 1~1.0%&tf 
Cr:0.1-1.5%«)iKc< fct* lat^^tT 
v>St,a)T'«)ifl!*JBlXtt2lw8Ett«)*ife. 

a* 6 0 — 1 2 Otef/oo*ft<^^W-f-f HEv»tt 
i- '< h + y X ^ b ^±(9^ t Ufc»ttStt«> 



-263- 



i» i t let: -3 r S v^SfifiC - 7t i£ i:f j> ( i 5 > 
60!>ffi9Ei::<fc^1$MQ63-24 1 1 1 59i^«B 
aS;^i3 2 0 0-5 0 0X:a)a£Ta^fl!F«kat 

(-8SI««*-x-r■^-f h)fi!)ta^fi«icTact 
$d^7 0tef/oo'iU±-Ctt:7;i/xV-9''i' 

i:. <t^&L». § L ^^ft-C. ffi 



It r«T¥ 4-173945 (2) 

» A n -r 4 r i: A' ffi » T- ib i If y T < , Ms 

ffi & & . 

3 0 or tT©*&aiafi£a»T4 r t H J:oT 

x&&(^i$«ii(K^t:«(Dff tifrmtts«i<^ 

C*)i^rit. 5IH» S 4 0 ~ 7 0 l«f /bb* 

SrS^ftttri^y- s 8 0 kgf /db' a±r' 

Z t trV t U t> ^ ^ * A» 6 . 

«5aBB56- 1 4 282 1^ii«Hli:. 

xtt^QKjfiiKmBASffij^odnis&Si&r^^iE 

£A*6Msjg£l±4 8 0'C£(T£'C<0?fr^»e^ 

sr^»«i:t. ffltflnix«(^ftKfc«j»sm«>r> 

•Tftto^. *«qitt. C:0.06-0.2%. 
Si:0.6%£4T. Mn:0. 6-3.0%, P:0. 
J %£ilT&t/sol,Afi:0. 0 1- 0.1 0%&# 
«t. !a»UJCi:TKt:Mo:0.0 1-1.0%& 
tfCr: 0.1-1. S%«)fl^5fc<tt»iat^«L, 



-264- 



lra«aS$rAc,jfi- 5 0 0*C<DafiUT 

10«;£ll±&ftU. 6 0 0 r »i0iaK A* ^ Ms 
£JgjLi:4 8 0t:£tTa)SK<£iC 

fi R C R = - I. ISMneq + 3.37 
r :iT . Mneq= Mn + 1 .52M o + I .10Cr + 
0. 10 S i + 2. 1 P 

SSSHTifefll^feft. Ms*£^Jb480t:£tT<0 
S ^ W -C -5 . 



M n: 

ffl S: ^ 4 t *' T' S ^i: . 4 fc , 3 . 0 % i U iS 

]9i'»-3T. Mnfitt 0 . 6 ~ 3 . 0 % 0QB 2: 2 . 

P : 

PttO.O 2%JeA±a)aSiBU:d:^TSii:(51tt0 
Si tof a . 

sol. A A : 

A A tiei(oifttt0)fr«>iia&iDS It's])*. 
T t-r &. 



15 ffl? 4-173945 (3^ 

C : 

* k « V ;u X > -f h W !S * *' S < 'i* 0 • 

^■^ itt * * <t 1" 4 « *J "c- <c < . a rfi y h « 
a?tttittT-r4. ufcd'^^T, cfitto.oe- 
0 . 2 %o)mmt 1 2 . 

Si: 

Jtar 4 t A -3 S fc^ 4 O O.G%I^T 
Mo: 

(k r -5 J» « «> 4 . L *^ L . 0 . 0 1 % J: y '> 
v^i:. S jftse & SJdL-r 4 & A OlSftffl & 994 ^ £ 

*i-car. «fc 1 .0 % tffliLT»iD-r 4 1 '^'f 

■t -< K » IR 5 n . -7 ;u -r > / h *w< > K 1* T 
^fttC^^T 4fctf), telf fiUXtt A'^j^^fcT 4 . L 
fc^ioT. Moftt±0.01-1.0%©IEBtT 
2 . 
Cr: 

CrllMn&l/Moi:ra»Ccja*S:^b, 

r. SttS%^4jt6««^4&4. ca>A&ft6t94t: 

tt^l>)i<t^0.1%d'(£:»5|-C<o4 3i». 1.5%S: 

tt0.l-1.5%«)fEHfr4. 



-265- 



3fe . ttj - « la ft 7 X 7 -< K 4: ^ •< h 9 

e&tttT»flifi&@«. f^eoiiaxmit 3 0 %£L 
ji A* a * b - 

soornL. 1 0 &&LJb^f^r ^> z t A^iH^mr- 

•& . 2ra ft ia JK A c. * - 5 0 -C J: tj fi i: . 

A:n<!>. ffli:fajXf4l±ttTTi. > 4 80TCS: 

»Ttt. haS^ + ^lcW^.nru:. ttXS 

T*?)--7.ff-r hti^-7n/T:y^^ hnRlBT4fc 

])fL<&To. an&ttcfftixtt3&*i$^«vfti'. 

»tL<tt5 0 0"C~Ac.,S©JaKlzr'&&<ki& 
(*:i:L&'<-<'^-*' h • y X "7 ^ K • •7'/UT>'9'-f 

IB-r S c t < . illSa««»<3!)?&aJK: J: o T» 



ffltfiaxttttSSitr 5. 

ft nC R = - l.lSMneq + 3.3? 
ZZV. Mneq= Mn + 1.52MO+ l.lOCr + 
0.10 S i + 2. 1 P 

1 0 b safeffite*?) o * S: att . 

*o*-:?^.Tr'< h39«7iux>'9'-f hiz«.nr ^ 

jg 1 sicTi^T^t^^^ $: ^-r i a?: ise b . 2 
Otinl50;^ 7 :?'tc bfc, w n & ttiiafiE 8 5 0 -c, 
«aafi560'c'ejRtaiegb. 3.2 oibI9«) 

Sfllfit^bfc. f9<>ivfc eitS&ttJft. ?&IID£ilb 
T. 1 . 2aBff (£T1^ 6 2 . 5 %)fiOf&gfllfi«^ 



-266- 




U < . g! R c -7 yt/ X > -f K ffl a 18 il ^> rci6 « 
K ^JCD c as * y - S^^tbr. 

7t rf m A- » T «C . 

A;«ltlb7»:. 2 0 one kMaj^JEL 



«nn^^ 4- 173945 (5) 



$ 1 g ftSCaCDffc^BR^ (wt%) 





C 


Si 


Mn 


P 


S 


Cr 


Mo 


sol. A a 


A 


0.14 


0.20 


2.5 7 


0.0 0 5 


0.0 0 1 






0.0 2 6 


B 


0.14 


0.19 


1.5 3 


0.007 


0.0 0 3 


1-0 9 




0.0 36 


C 


0.15 


0.2 3 


1.5 2 


0.007 


0.003 




0.5 1 


0.0 3 1 


D 


0.0 2 


0.2 0 


1.0 2 


0.0 10 


0.0 0 3 






0.0 3 7 


E 


0.15 


0.2 0 


3.5 1 


0.006 


0.0 0 4 






0.0 3 5 


F 


0.15 


0.20 


1.50 


0.005 


0.0 0 4 




1 .5 0 


0.0 3 3 


G 


0.15 


0.20 


1.4 8 


0.005 


0.004 


1.9 9 




0.0 35 



-267- 



m 2 m 





Nb 


as 


(t;) 


CC) 


(■C/s) 


i-c) 


(s) 


in) 




a 9aia« 


Y P 
(tef/aa') 


TS 


1 
(%) 




1 


A 


8 5 0 


7 5 0 


3 0 


4 6 0 


3 0 


5 5 0 


6 1.8 


78.2 


6 8 


B + F + M 


B 


2 


A 


8 5 0 


6 5 0 


3 0 


4 6 0 


6 0 


5 50 


5 8.4 


7 6.3 


6 3 


B + F + M 




3 


A 


8 5 0 


7 5 0 


3 0 


4 6 0 


5 


550 


5 4.8 


8 5.0 


3 3 


B +M+ F 




4 


A 


7 3 0 


7 0 0 


3 0 


4 6 0 


6 0 


5 5 0 


54.4 


10 6.5 


1 2 


F + M 




5 


A 


8 5 0 


5 00 


3 0 


4 6 0 


6 0 


5 5 0 


5 2.3 


7 0.2 


5 0 


F + B+M 


ff 


6 


A 


8 5 0 


7 5 0 


3 0 


6 0 0 


6 0 


5 5 0 


5 3.9 


6 7.8 


6 1 


F + P + B 




7 


A 


8 5 0 


7 50 


3 0 


2 0 0 


6 0 


5 5 0 


8 2.2 


106.9 


1 5 


F+M 




8 


B 


8 5 0 


7 5 0 


3 0 


4 6 0 


6 0 


5 5 0 


54.8 


6 6.9 


5 4 


B + F + M 




9 


B 


8 5 0 


7 5 0 


3 0 


4 6 0 


5 


550 


57,1 


9 9.6 


1 8 


F + M + B 




1 0 


C 


8 5 0 


7 00 


3 0 


4 6 0 


6 0 


5 5 0 


6 4.1 


7 8.0 


6 4 


B + F+M 




1 1 


D 


8 5 0 


7 0 0 


3 0 


4 6 0 


6 0 


5 5 0 


3 4.5 


4 2.3 


8 8 


F+ P + B 


0 


1 2 


E 


8 5 0 


7 0 0 


3 0 


4 6 0 


6 0 


550 


7 4.8 


12 1.6 


7 


F + M 


If 


1 3 


F 


8 5 0 


7 0 0 


3 0 


4 6 0 


60 


5 5 0 


8 2.8 


13 8.2 


4 


M+ F 


0 


1 4 


G 


8 5 0 


7 0 0 


3 0 


4 6 0 


6 0 


550 


7 0.6 


114.0 


1 2 


F + M 




1 5 


C 


8 5 0 


7 5 0 


3 0 


4 6 0 


60 




7 0.9 


8 5.2 


2 6 


B + F +M 



m F(7x7-fh). Bi^^-f^Y^), M(v;i/r>i*'-f hK P 7 -f h)«)«lf 4. 



»«att«eini«ai«A»'^»Msj£jeA±48ox:jiiT 

LftH^-oX . *»«lC*tvtf. 60-120 
4. III3DOfBiL<c8&^ 



«nfi0!>4 6 OT:'e0)fl&<$^nO(|gl@^M)2:n 

ftaA#a± sp « ^5 



-268- 



^5ni)¥4-173JM5 (7) 




m 2 S 















' 1 




O— — — O ■ 

T 


— ■ — o 


7 • 

! 

- ! 
j 





^0 100 200 

tscc) 



-269- 



